Background. In the aging process, loss of muscle is relatively continuous, but the initiation, timing, and amount of muscle loss that relate to functional compromise are poorly described. Also poorly understood is whether strength and functioning in aging are related to the amount of lean mass and its change as well as to the amount of fat mass and its change.
N
ORMAL aging is associated with a 2%-3% decline in muscle mass among older men and women, loss of muscle protein stores, and relative increases in body fat (1, 2) , even among those who continue to actively engage in training (3) . However, at midlife, patterns of muscle mass loss can be masked by continued weight gain. Women experience an increase in weight until their mid 50s, with an earlier loss of muscle mass, followed by a subsequent loss of fat mass (4) .
The loss of muscle mass in ill health or severe undernutrition is widely described as sarcopenia; however, this term is increasingly associated with the decline in muscle protein stores during aging (5) (6) (7) . Sarcopenia is important because a loss of more than 40% of muscle mass is associated with death, and muscle loss can contribute to diminished strength, functional limitation, and disability in either the elderly (8) or in those with chronic inflammatory conditions (9, 10) . As a consequence of muscle loss and accompanying weakness, there can be a reduction in physical activity and aerobic capacity. This inactivity can then reduce the anabolic input into muscle, leading to diminished fitness and more inactivity, reduction in physical functioning, and, in some, disability.
It is anticipated that, during the aging process, muscle loss is relatively continuous, but the initiation, timing, and amount of muscle loss that lead to functional decline are poorly described. Further, whether the compromise in strength and functioning is related only to the amount of muscle mass and its change or also to the amount of fat mass and its change is unclear. Of note, two studies (11, 12) have indicated that a greater relative proportion of fat and a greater fat infiltration into muscle mass have attenuated knee extensor strength and walking speed, and some definitions of sarcopenia are linked to a current obese state labeled sarcopenic obesity (13) .
This report identified the body composition (lean and fat mass) profile and its 3-year change among middleaged women in a community-based setting, and related these profiles to measures of their leg strength and physical functioning.
METHODS

Study Population
Pre-and perimenopausal women from two longitudinal studies used a common protocol for the ascertainment of body composition and physical functioning (14) . Measures of leg strength and gait were evaluated in 478 women from the Michigan Bone Health Study (MBHS) and 234 women from the Study of Women's Health Across the Nation (SWAN) participating in the first 40 weeks of their 1999/ 2000 annual examinations. Participants provided written informed consent to procedures and interviews which had been approved by the University of Michigan Institutional Review Board.
The Michigan SWAN is a population-based longitudinal study, begun in 1996, of African-American and Caucasian women transitioning the midlife. Enrollees were identified from a household census of two suburban communities located within 35 miles of Detroit, Michigan. From household interviews, 2621 age-eligible women (40-55 years) were identified. From these, study personnel enrolled 325 African-American and 218 Caucasian women, aged 42-52 years, who were still menstruating and not using hormone therapy for the longitudinal study. Loss to followup has been less than 20% after seven annual examinations. In 1996/1997, a study of body composition and physical functioning was implemented, and measures from computerized gait mats and kinematics were added in 1999.
The MBHS is a population-based longitudinal study of musculoskeletal disease development in pre-and perimenopausal Caucasian women (15) . The 664-woman sample was identified from two sampling frames, the family records of the historical Tecumseh Community Health Study and a 1992 Tecumseh community census. More than 80% of ageeligible female offspring (aged 24-44 years) were recruited from the Tecumseh Community Health Study, and 90% of the age-eligible women were recruited from the community census. Loss to follow-up has been less than 15% after 10 annual examinations. Measures were simultaneously implemented in both the MBHS and the Michigan SWAN.
Measurements
Lower leg strength was measured with a portable isometric chair, which replicates the chair designed for the Dynamics of Health, Aging and Body Composition Study (11) . Strength was measured as torque, the product of force and the torque arm length. Torque arm length is equal to the length measured between the lateral joint line of the knee and the bottom surface of the heel plus 0.0251 m, the distance from the top surface of the foot trolley platform and the transducer axis. Torque (Nm) was averaged following three trials. The left leg was tested unless participants reported knee surgery, knee replacement, or pain, conditions under which the alternate leg was tested. Four participants with knee pain in both legs were not tested.
Gait measures were obtained from an instrumented mat (GAITRite; CIR Systems, Clifton, NJ) located midway in the testing corridor used for a timed, purposeful walk. The gait mat had an active sensor area of 3.66 3 0.61 m (1.27 cm between sensor centers) and an 80 Hz sampling frequency. Individual footsteps recorded during a walk were displayed, and incomplete footsteps were manually removed from the database. Data from two walking trials were combined. Two variables selected for evaluation were velocity (speed) and time in double support (during walking, the amount of time that both feet are in contact with the ground).
Body composition was measured by bioelectrical impedance under the assumptions that 1) electrical charges are transferable by ionized salts, bases, and acids dissolved in body fluids; and 2) the body is composed of conductive intracellular and extracellular materials separated by insulating layers of materials such as lipids. Because fat-free mass is comprised of water, proteins, and electrolytes, conductivity is greater in fat-free mass than in fat (16) . The bioelectrical impedance measures, resistance and reactance, were used to estimate total body water and, by extension, lean tissue and fat mass (17) . The absolute level of lean tissue was reduced by 7% to exclude the contribution of bone to lean mass (18) and to allow the approximation of a three-compartment body composition model. The data set has four annual measures of body composition prior to or concurrent with the strength and gait measures.
Annually, height (cm) and weight (kg) were measured and used to calculate body mass index (BMI) as weight (kg)/height (m 2 ). Waist-to-hip ratio was calculated using hip and waist circumferences (cm). The three-level index of self-reported physical activity level was based on a woman comparing herself to her peers. A variable for the presence or absence of concurrent illness was based on a woman's self-report of diagnosed diabetes, cancer, high blood pressure, high cholesterol, stroke, heart disease, liver disease, or lung disease.
Statistical analyses and data management.-Measures were evaluated for the presence of outliers or deviations from the normal distribution and, as necessary, transformations were used to assure more normal data distributions. Means and standard errors were used to describe age, body size characteristics, and physical functioning measures by ethnic group. Analysis of variance and analysis of covariance were used to determine the least squared means and standard errors of groups defined by the combinations of fat and lean mass.
Data from the four cross-sectional visits was examined separately and related to the outcomes of interest, including leg strength, gait velocity, and gait double support time with multiple variable linear regression analyses. A z transformation was used in the calculation of the 95% confidence intervals (95% CI) for the partial correlation coefficients (19) . To evaluate potential linear or curvilinear associations, regression analyses incorporated an exponential term for time or the body composition value of interest. In these analyses, body composition change was calculated by subtracting the fourth data value from the initial value.
Longitudinal analyses.-A regression calibration approach related the four consecutive annual measures of body composition to the single subsequent measures of physical functioning (20) . SAS PROC MIXED with a REPEATED statement was used to fit regression models for each woman's annual measures of body composition, yielding two new variables per woman, an intercept beta coefficient and a beta coefficient for the slope, which reflected the per-woman deviation from the population average change and accounted for the within-woman correlation of the body composition measures. These two variables, along with age, race, and interaction terms, were incorporated into multiple variable regression models to relate change in body composition to velocity or double support time. The probability of significant associations occurring by chance alone was expressed with p values, based on two-sided tests, as well as 95% CI. Data management and data analyses were undertaken using SAS version 8.0 (SAS Institute, Cary, NC).
RESULTS
In this sample of 712 community-based women, of which 24% were African American, the mean baseline age was 44.4 years (standard deviation (SD) ¼ 4.8). The mean BMI was 29.9 kg/m 2 , and the mean percent body fat was 38.9% (see Table 1 ). The mean leg strength was 84.9 Nm (SD ¼ 23.5), as compared to 81.5 Nm (SD ¼ 22.0) for the 1319 African-American and Caucasian female Dynamics of Health, Aging and Body Composition Study enrollees, aged 70-79 years (7) . As shown in Figure 1 , more than 25% of women had leg strength values less than 70 Nm, the cutpoint used by Ploutz-Snyder and colleagues (21) to define persons as functionally compromised. Women with less leg strength were, on average, 1 year older and 2 BMI units heavier than women with more leg strength. As shown in Figure 1 , almost 9% of women lost more than 2.5 kg of lean mass (.6% decrease) over the 3-year observation period, whereas 30% of women gained more than 2.5 kg of fat mass (.7.5%).
Lean mass was positively and better correlated with leg strength (partial r ¼ 0.33, 95% CI: 0.27, 0.42) than was fat mass (partial r ¼ 0.17, 95% CI: 0.10, 0.25), cross-sectionally, after adjustment for age and race (Table 2) . Fat mass, but not lean mass, was highly positively associated with double support time (partial r ¼ 0.45, 95% CI: 0.35, 0.54) and with velocity (r ¼À0.25, 95%CI: À0.34, À0.15), indicating slower walking speed among women with more fat mass.
Longitudinally, with each 1 kg higher lean mass at baseline, women had 1.1 Nm higher leg strength 3 years later (p , .0001, 95% CI: 0.8, 1.3), whereas women with an average l kg increase in lean mass over 3 years had 9.2 Nm higher leg strength (p ¼ .0002, 95% CI: 4.3, 14.1). However, an interaction term indicated a more complex picture. Women who gained at least 2.5 kg of lean mass had higher levels of leg strength, irrespective of the amount of fat mass change, and women who lost more than 2.5 kg of lean mass had markedly lower leg strength levels (see Figure 2) . Women who had lost at least 2.5 kg of lean mass were slightly older, had higher baseline weight, lost weight during the 3-year period, and compared to their peers, were less likely to report physical activity and more likely to report a disease diagnosis (see Table 3 ). Incongruously, the subgroup of women (n ¼ 26) who lost at least 2.5 kg of lean mass but gained more than 2.5 kg of fat mass over the 3-year period did not have lower leg strength.
Longitudinally, with a 1 kg higher average lean mass level at baseline, women walked with 0.5 cm/s less speed ( p , .004, 95% CI: À0.9, À0.2) 3 years later, but if they experienced a l kg increase in lean mass, they walked with an 11 cm/s greater speed ( p , .002, 95% CI: 4.2, 17.8). In contrast, women with a 1 kg higher fat mass at baseline had a 0.5 cm/s slower velocity 3 years later (p , .0001, 95% CI: À0.7, À0.4), whereas women with a l kg increase in fat mass over 3 years had a 2.4 cm/s lower velocity (p , .02, 95% CI: À4.3, À0.5).
Women with a 1 kg higher fat mass at baseline had 0.13 cm/s greater time in double support 3 years later ( p , .0001, 95% CI: 0.11, 0.15). Women with a l kg increase in fat mass over 3 years had, on average, a 0.78 s increase in double support time ( p , .0001, 95% CI: 0.5, 1.0). 
DISCUSSION
We identified three important relationships between physical functioning and body composition among women at midlife. First, a substantial number of women (almost 1 in 10) had lean mass loss, despite an average increase in weight. Second, lean mass and its change were strongly related to leg strength and less strongly related to gait speed. Third, the associations of lean and fat mass with measures of physical function were important after adjusting for age.
Studies of older men and women with low lean mass, estimated by dual energy X-ray densitometry, had more disability and use of assistive devices (22) , and older wellfunctioning men (although not older women) with low muscle area had more compromised lower extremity performance (22) . We have extended this work by demonstrating that: 1) the association of low lean mass and compromised physical functioning occurs in women; 2) associations are observable in middle-aged as well as in elderly persons; and 3) although lower lean mass was more likely to be associated with less leg strength, a loss of lean mass, measured over four time periods, affected both strength and speed of task performance. Similar patterns were seen in both African-American and Caucasian women.
Sarcopenia is a construct still being operationally defined. Two population-based studies (5,6) measured lean mass to characterize the frequency of sarcopenia in men and women. However, these studies did not identify whether muscle mass had been lost and, assuming that lean mass reduction is synonymous with muscle mass reduction, they did not provide an indication of the rate of change in muscle mass. We have shown that the rate of change is an important element in relation to both strength and task performance speed.
Earlier studies (7, 23) have identified that high fat mass is associated with poor physical performance, and in some definitions of sarcopenia, the relative contribution of percent body fat is labeled sarcopenic-obesity (13) . It remains to be determined whether fat in and around muscle may directly affect muscle contractility (cellular function), muscle fiber recruitment (nerve function), or muscle metabolism (energy utilization), thereby affecting muscle strength and physical functioning. It has been argued that higher fat mass is associated with lower physical functioning among elderly women because of its relationship with chronic diseases, including diabetes, or because women with greater impaired functioning are more likely to get fatter (23) . We identified that women at midlife who lost more than 2.5 kg of lean mass were more likely to report concurrent illness as well as to have lower levels of functioning, but the interaction of lean loss and fat gain with respect to leg strength among women at midlife suggests that the relation of lean and fat (and their changes) is neither parallel nor linear. It will be important to determine whether this is just a function of middle age or if this interaction is also present in older women.
Although strength training in elderly women may decrease muscle strength attenuation (24, 25) , middle-aged women have not been the target of such intervention programs. Given the apparent impact in a relatively brief 3-year period, and an expected life expectancy of more than 80 years, it appears that a focus on retaining lean mass with strength training in middleaged women may be more relevant than the current national focus on weight loss or a focus on nutritional interventions (26) .
We did not directly characterize muscle mass, muscle fiber histology, or degree of fat infiltration within muscle (8, 27, 28) . Our lean mass measure reflects the total body and is not limited to lean mass in the legs. Further, leg strength may not approximate strength in other muscle groups throughout the body. We do not yet have changes in the leg strength and gait over time which would be useful in determining whether change in body composition is a strong indicator of physical functioning at follow-up.
Summary
We have demonstrated the importance of both level and amount of change in lean mass relative to multiple measures of physical functioning. Further, the strong association with age and less physical functioning in these women suggest that targeting women in this age group for activities to maintain or increase lean mass might lead to a more positive health impact than just promoting weight loss alone. Figure 2 . The amount of leg strength (Nm) on the vertical axis in relation to the level of change in lean mass (front axis) and change in fat mass (side axis), where ''gain'' refers to a gain of more than 2.5 kg and ''loss'' refers to a loss of more than 2.5 kg.
